Purpose: The aim of the study was the evaluation of image guided transdermal application of interstitial brachytherapy in patients undergoing repeated irradiation for relapsed local tumor of the head and neck area.
Purpose
Despite significant progress in head and neck cancer treatment, relapse still occurs in 17-30% patients with this type of neoplasm [1] . The basic method of local treatment of relapse in these patients is surgery or repeated radiotherapy. Salvage surgery, due to the risk of complications and the necessity of conducting extensive, often maiming, surgery, is only possible in 20% cases [2] . The possibility of repeated irradiation is also limited due to high risk of radiotherapy related morbidity. In case of brachytherapy, the relapsed lesion location creates a limitation, which in many cases prevents correct placement of brachytherapy applicators in tumor [3] . Traditionally, brachytherapy is reserved for application in surface lesions where the risk of mechanical damages and surgery related complications is small. In case of deep lesions, due to high risk of complications in course of application, the use of brachytherapy is marginal. This article presents a technique of computed tomography (CT) image-guided transdermal application of interstitial brachytherapy possible in patients with relapsed tumor in hardly accessible areas. The utilization of CT for imaging of the application site allows to decrease the risk of damaging important anatomical structures and accurate distribution of applicators within the tumor.
Material and methods

Treatment qualification
Patients with neoplastic lesions located deep under the skin surface in hardly accessible areas were qualified for treatment using image-guided brachytherapy. The lesions were located in close vicinity to critical organs such as spinal cord, trachea, eyeball, lens, or directly adjacent to large vessels or structures, whose mechanical damage could lead to hemorrhage, paralysis, or organ dysfunction. This distinguished our image-guided brachytherapy of visually controlled procedure applied on the basis of tumor extent, determined in physical examination or formerly conducted imaging examinations.
The study involves analysis of data concerning 4 patients with local relapse of head and neck cancer treated in the Department of Brachytherapy, Lublin Region Cancer Center in 2013-2015. All patients had undergone radical treatment with external beam radiotherapy. In all patients, an isolated inoperable local relapse occurred, for which brachytherapy was applied assumed as palliative treatment. The indications for application of image guided brachytherapy were above all close vicinity of large blood vessels (all patients), the organ of vision (Patient 4), the extent of the neoplastic process (Patient 2), and small relapsed tumor size requiring precise application (Patient 1). The patients' characteristics is presented in Table 1 .
Application technique
The procedure was conducted under general (Patients 2, 3 and 4) or local anesthesia (Patient 1). Under local anesthesia, we have used 1% Lignocaine after former premedication with Midazolam and Fentanyl. Steel or titanium needle applicators, as well as elastic interstitial applicators were used in brachytherapy. In sites, where it was impossible to drive the applicators through the lesion, needle applicators were used. The applicators had an advantage of being well visible in tomographic examination. A disadvantage was the necessity of conducting the treatment in several stages, which was associated with the need for performing several application procedures, as well as several steps of treatment planning. Elastic applicators were used in cases when it was possible to form an applicator outlet on the other side of the tumor. Due to poor visibility of the placed applicators, it was necessary to apply markers just after the ap- plication. After applicators were in place, they remained in the lesion throughout the treatment process. The application was conducted under guidance of CT device located in the operating room and moving on rails. Both, the CT device and the operating table movement were controlled using a console located in the operating room. SOMATOM Sensation OPEN CT device (Siemens AG, Munich, Germany) was used including optional fluoroscopy accessory from Siemens.
Before the commencement of the treatment, CT examination was conducted with or without contrast agent, and then, the image was fused with the previously performed CT or magnetic resonance imaging (MRI) examination. The extent of the tumor was determined on the basis of the conducted examinations and projected on patient's skin using laser beams. Then, under continuous CT guidance, applicator needle or elastic applicator lead was percutaneously (transdermally) inserted into the tumor in a way facilitating irradiation of the whole tumor area, and simultaneously controlling the position of the needle against the adjacent structures ( Figure 1) . If it was possible, the applicators were inserted in such a way that their layout in the lesion was possibly most parallel, and their distance from one another as well as from the edge of the tumor was not greater than 2 cm. Technical difficulties were encountered in cases requiring the insertion of an applicator under different angles towards the tomographic image plane. It was associated with the necessity of constant control of needle position at the time of insertion on several tomographic scans simultaneously. Due to little respiratory movement of anatomic structures in head and neck region, CT guided insertion of the needle was precise and relatively safe, despite close vicinity of many important organs. Only the region directly under the needle was not sufficiently visible due to artifacts related to the material, of which the needle was made. Needle applicators were located in the lesion only during each fraction of treatment but elastic applicators, used for their stabilization, remained in the tumor from the beginning of the first to the end of the last fraction ( Figure 2 ).
On the completion of a single treatment session, CT scan was performed to plan further treatment, and then, after drawing the clinical target volume (CTV) and organs at risk (OAR), time and place of ionizing radiation source stopping points were planned. BrachyVision v.10 treatment planning system from Varian (Varian Medical Systems, Inc., Palo Alto, CA, USA) was used ( Figure 3 ). Dosimetry parameters were reported according to the guidelines outlined in ICRU Report 58 [4] . The condition for treatment plan acceptance was encompassing the total CTV with a dose constituting 90% of the planned dose (D 90 ). Additionally, the minimum significant dose for local control of the tumor was reported (D 100 ). These doses and total doses were converted according to linear quadratic model of biologic effective dose (BED), using the following formula BED = nd (1 + d/(α/β)), where d -fractional dose, n -number of fractions, α/β -alpha/ beta ratio, in case of squamous cell carcinoma of head and neck it is 10. In order to compare them with conventional fractioning of 2 Gy, the doses were converted to dose equivalent 2 Gy (DEQ 2 ) using the following formula: DEQ 2 = BED/(1 + 2/(α/β)). In order to facilitate the evaluation of correlation between the dose and possible future damages, the volume receiving 100% of the prescribed dose was reported, as well as high dose areas receiving 150% of the prescribed dose (V 150 ) and 200% of the prescribed dose (V 200 ). Biologic effective dose and DEQ 2 were calculated for each fraction.
Due to various locations, doses received by critical organs were also reported. Depending on the type of the (D 1cm 3 ) were reported. The doses were converted to BED and to DEQ 2 according to the linear quadratic model, adopting α/β ratio value of 3 for future radiation induced complications.
The treatment was conducted using 24 channel Gammamed Plus device from Varian (Varian Medical Systems, Inc., Palo Alto, CA, USA). After completion of irradiation session, applicators were removed from lesions. If it was necessary, the removal was conducted after premedication with opioid analgesics. Because of the risk of hemorrhage, the surgical procedure was conducted in an operating room equipped with GE OEC 9900 Elite System (GE Health Care, Milwaukee, WI, USA), and offering the possibility of interventional embolization of a damaged vessel by a surgical radiology specialist. After applicators removal, CT scan with contrast was performed in order to rule out potential complications, especially fresh bleeding in the applicator area.
Results
Various fractioning schemes were used depending on the possibility of retaining the applicators within the lesion. In 2 patients (Patient 2 and 3) brachytherapy was performed using elastic applicators. Five fractions of 3 Gy or 4 Gy were used in 1 day intervals. This required a single application procedure and a single treatment planning session. The applicator insertion was performed in general anesthesia and after completion of the whole treatment process, the applicators were removed. In the other patients, needle applicators were used and the insertion and treatment planning were performed before each treatment session. Due to this fact, fractional doses were higher (5 Gy/ fraction) and the interval between sessions was longer (from 3 to 7 days). In one patient, the insertion procedure was performed in general anesthesia and in the others, in local anesthesia after premedication. The applicators were removed after each treatment session. Fractional dose median was 4 Gy (3.5-5 Gy). D 100 median of a single fraction Clinical target volume, which received 100% dose, as well as 150% and 200% dose was characterized in Table 2. Dose homogeneity index (DHI) was calculated for each fraction. Dose homogeneity index median was 0.31 (range 0.18-0.68) ( Table 2) . Depending on the location of irradiated area, doses received by various critical organs were reported (Tables 3, 4 and 5).
Early toxicity
Treatment toxicity was evaluated using Common Terminology Criteria for Adverse Events (CTCAE) v.4.0 [5] , and the radiotherapy related morbidity was measured using Radiation Therapy Oncology Group (RTOG) scale [6] . Despite close vicinity of many important structures in the head and neck area, no mechanical injury of these organs was observed either in course of the insertion procedure or while the applicators were remaining in the treatment site between subsequent treatment sessions. None of the patients suffered from paralysis in result of mechanical damage of the nerves. Due to abundant vascularity of head and neck organs, there was a small degree of bleeding at the time of applicator removal, which was resolved spontaneously. No hemorrhagic foci were found on CT scans taken after the insertion and removal of applicators. No clinical features of internal hemorrhage were observed in these patients. In 3 patients (Patients 2, 3, 4), due to location of the irradiated area and acute radiotherapy induced morbidity of the skin, RTOG scale Grade 1 occurred. In one patient (Patient 2), a few days after completion of brachytherapy, an infection of the irradiated area requiring antibiotic therapy, CTCAE scale Grade 2 occurred. We focused only on acute reactions because of short follow-up.
Treatment efficiency
In the period of observation lasting for 3 to 7 months (median 3.5 months), partial regression (PR) was observed in 2 patients and stable disease in other 2 patients. In Patient 1, within 3 months of observation, clinically confirmed partial regression occurred. Because of the general condition of the patient, no imaging examination was performed in this case. The patient died due to lung metastases 4 months after treatment completion. In Patient 2, disease regression was being confirmed in CT examination throughout the 7 months' observation period. In Patients 3 and 4, the CT examination revealed disease stabilization after treatment completion.
Quality of life
After the treatment, in 3 patients' partial relief of some symptoms was observed. In Patient number 4, trismus status improved and pain symptoms decreased. In Patient 2, despite intensified debilitation related to skin, an infection in the area of applicator insertion, dyspnea caused by tumor mass was reduced. In Patient number 1, dysphagia related to tumor mass was reduced.
Discussion
The main factor limiting the application of HDR brachytherapy in the head and neck area is the tumor location. Due to the necessity of performing visually controlled application, brachytherapy in this area is only possible in case of lip cancer, oral cavity cancer, selected neoplasms of nasopharynx, nasal cavity and nasopharynx, as well as in case of repeated radiotherapy of nodular relapses in the head and neck area [7, 8, 9, 10, 11, 12, 13, 14] .
Reports describing image guided brachytherapy predominantly concern liver, rectal, and lung cancers [15, 16, 17, 18, 19, 20, 21] . Studies concerning image guided brachytherapy in patients with head and neck cancer are singular. In analysis by Kolotas et al. [22] , 49 patients with nodular relapse in the neck area were subjected to palliative interstitial brachytherapy. The insertion procedure was performed under CT guidance. The patients were irradiated twice a day with 3 Gy fractions up to [23] , 25 patients with squamous cell carcinoma relapse in the area of head and neck were treated with brachytherapy using permanent implants. The procedure was performed under CT or USG guidance. The total dose specified in isodose encompassing 90% CTV (D 90 ) was 90-160 Gy. No nerve paralysis or serious hemorrhage was observed. In a study by Kishan et al. [24] data were retrospectively analyzed from 18 patients with cancer, located in various areas including 2 in the head and neck area, who had undergone HDR brachytherapy performed under guidance of different imaging methods. Various dose fractioning schemes were used: 6 Gy in 6 fractions and 10 Gy in one fraction (as a boost after external beam radiation therapy). In one patient, the lesion was located directly close to the left internal carotid artery, and in other, one in soft tissues of the neck bordering the chest. Serious complications related to brachytherapy were not observed in any of the patients. Due to short observation time and small number of patients in the described study, the treatment results and late toxicity were not analyzed. In our study, for four patients with relapsed neoplastic lesion located in a site preventing visually controlled brachytherapy, the application of CT image guided HDR brachytherapy facilitated the treatment in hardly accessible locations, too close to large nerves or blood vessels. Due to the use of different dose fractioning schemes than Kolotas et al. [22] and Kishan et al. [24] , it is only possible to compare biological equivalent dose (BED) of the total dose. Biological equivalent dose of the total dose in Kolotas et al. was similar (32.5-39 Gy, α/β = 10), and in Kishan et al. it was a little higher (48-56.7 Gy, α/β = 10).
Similarly, to other studies, no complications occurred during application and no early toxicity was observed [22, 23, 24] . Moreover, positive effects were achieved in case of both treatment efficiency and quality of life. Due to the necessity of having appropriate technical facilities and difficulty of its application, brachytherapy is not commonly used. Thus, there are no studies based on large group of patients evaluating safety of the procedure and treatment results. There are also no studies comparing different application techniques as well as different types of applicators used in the head and neck region. The intention of image guided HDR brachytherapy is to provide local lesion control in sites, which, due to their extent or lack of technical facilities, do not qualify for using other radiotherapy techniques, especially stereotactic radiotherapy. There are no studies comparing image guided brachytherapy with modern techniques of stereotactic radiotherapy.
Conclusions
1. Image guided brachytherapy has the potential to be a valuable treatment method for patients with local and regional relapse of head and neck cancer located in sites preventing standard brachytherapy. 2. It is a safe method facilitating good therapeutic effect and improving the quality of patient's life.
3.
It seems justified to conduct prospective studies to evaluate the efficiency and safety of CT image guided brachytherapy.
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